J: -? -C ' \ m~l"~~To 4T F }ldj:~.~~l"i~Vt Gntj v' 'J 7~tj if-T /' :,,-l' }v Mt:i6c16~: J: -? -C ' \ EI~~: ' \ .;.-f-!" 'J~C 1)~~'-cC1) }2J~iJ~5~: tl:Bt~-c v'~T 0~4 C1)~t.~: J:~C ' \ 7:;; 7 7 }vfm G~-C1)*5C~j:';' -f-F 'J~C1) *,!B~~v'%I: 'j: J: Gi\ 1) -F --c' tl:B¥::6 4T !" }v C1) BH$'"C'iR:~-? -C v' ;t To Using the semiclassical Kubo formula for conductivity, we give a periodic-orbits picture for the recently observed fractal magnetoconductance fluctuations in micron-sized phase coherent ballistic billiards. The self-similar conductance fluctuations is shown to be caused by the self-similar unstable periodic orbits which are generated through a sequence of isochronous pitchfork bifurcations of straight-line librating orbits oscillating towards harmonic saddles. The saddles are naturally created right at the point of contact with the leads or at certain places in the cavity as a consequence of the softwall confinement. Therefore our mechanism is able to explain all the self-similar magnetoconductance fluctuations in general softwall billiards. In contrast to the existing theory which claims that a classical mixed phase space is necessary, we argue that, even in the fully chaotic phase space, the self-similar magnetoconductance fluctuations should be observed as long as the self-similar unstable periodic orbits are preserved.
Without loss of generality, to make our idea clearly presented, we choose Henon-Heiles potensial as the ideal soft wall model for triangle billiard with three leads attached at its three edges. The harmonic saddles are obvious. The self-similar periodic orbits are then, created through bifurcation of the straight librating orbits oscillates towards/backward the leads. From the self similarity of the orbits, we have the following approximate scaling relation:
(1) Here 8;0 denotes the area enclosed by the periodic orbit generated at the nth bifurcation.
The oscillating part of the conductance can be approximated by the semiclassical Kubo formula in terms of periodic orbits as follows Here Spa is the action evaluated at the Fermi energy E F . fJ,po and M po are the Maslov index and the stability matrix of each periodic orbit, respectively. The temperature T selects only a few shortest periodic orbits that contribute to the trace through a damping factor Rpo (T{3) = (T po /T{3)/ sinh (T po /T{3) , where Tpo is the period of the periodic orbits and T{3 = 7rZr-Damping due to a finite mean free path is given by Fpo(T s ) = exp( -T po /2T S ) , where T s is the scattering time. g is a spin factor, V is the volume of the system considered, and C xx is the velocity-velocity correlation function of the periodic orbit, defined by C~~= 10 00 dte-tlTs fa Tpo 
dt'vx(t')vx(t' + t).
On switching on a small magnetic field B, we can assume that only the phase of the electron is changed, and the periodic orbits (the phase-space structure) remain unchanged. Then we can expand Spa up to the first order in B as follows: (4) Where 8 po is the area enclosed by each periodic orbit. For weak enough magnetic field B, considering the contributions from ±8 po , i.e., from a pair of time-reversal symmetric orbits, we can rewrite the cosine terms as 2cos(spOhE,O) + T7f)cos (:c8poB) . Now, let us suppose that, through some kind of bifurcations, we have a sequence of periodic orbits which are self similar, and satisfy Eq. (1). Then we can expect that the fluctuations of the magnetoconductance should be characterized by many scales, with the smallest one being 8~o, i.e., the largest area enclosed by the periodic orbits.
